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Numerical simulation and experimental study
about fiber laser texture on 45" steel

FU Yonghong, LI Jin, FU Hao, ZHANG Hangcheng, PAN Caiyun
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to fabricate specific morphology and size on a mold by means of the laser texture, and explore the
mechanism of the formation of topography, a three-dimensional transient model of the laser texturing process was established
based on the Fluent software. The temperature field and flow field of molten pool were calculated, and the experimental
parameters were determined; laser power density 2. 04 x 10*W/mm* ~3.57 x 10°W/mm’, pulse width 100ps ~ 1000ps. The
thermal conductivity, thermal convection, thermophysical properties of materials and other factors were considered. The enthalpy
method was used to deal with the boundary of solid-liquid phase transition, the laser heat source was loaded through user defined
function. Based on numerical simulation, the influence of laser power density and pulse width on the morphologies and

geometrical parameters of laser texturing were studied by varying a single factor with nitrogen gas as the auxiliary gas. Spherical
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crown, concave crown and M shape were obtained. The results have guiding significance for mold texturing.
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Fig. 1 Morphology characterization

a—spherical crown b—concave crown c¢—M shape d—crater
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Fig.2 Geometric model
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Table 1 Specific heat and heat conductivity of 45" steel
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Fig.3 Temperature field and flow field of laser power density 2. 55 X
10*W/mm? and pulse width 500ps

a—temperature field b—flow field
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Fig.4 Relationship between the meximum speed and pulse width with vari-

ous laser power dersities
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Fig.5 Relationship of diameter,depth and pulse width with the temperature
above 1495°C
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Fig. 6 Picture and 3-D shape of laser texturing with different pulse widths under laser power density of 2. 55 x 10* W,/ mm?
a—300ps  b—500ps  ¢—1000 s
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Fig. 8 Schematic diagram of concave crown
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Fig.9 Picture and 3-D shape of laser texturing with different pulse widths under laser power density of 2. 55 x 10*W/mm? and nitrogen pressure 0. 2MPa
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Fig. 11 Morphology within auxiliary gas
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